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The Need for Reactive Power Compensation

Except in a very few special situations, electrical energy is generated,
transmitted, distributed, and utilized as alternating current (AC). However,
alternating current has several distinct disadvantages. One of these is
the necessity of reactive power that needs to be supplied along with
active power. Reactive power can be leading or lagging.While it is the
active power that contributes to the energy consumed, or transmitted,
reactive power does not contribute to the energy. Reactive power is an
inherent part of the ‘‘total power.’’

Reactive power is either generated or consumed in almost every
component of the system, generation, transmission, and distribution and
eventually by the loads. The impedance of a branch of a circuit in an AC
system consists of two components, resistance and reactance.

Reactance can be either inductive or capacitive, which contribute to reactive power in the circuit.Most of the loads are
inductive, and must be supplied with lagging reactive power. It is economical to supply this reactive power closer to
the load in the distribution system.

Reactive power compensation in power systems can be either shunt or series.
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Shunt Reactive Power Compensation

Since most loads are inductive and consume lagging reactive power, the compensation required is usually supplied
by leading reactive power. Shunt compensation of reactive power can be employed either at load level, substation
level, or at transmission level.

It can be capacitive (leading) or inductive (lagging) reactive power, although in most cases compensation is
capacitive. The most common form of leading reactive power compensation is by connecting shunt capacitors to the
line.
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Shunt Capacitors

Shunt capacitors are employed at substation level for the following reasons:

Voltage regulation

The main reason that shunt capacitors are installed at substations is to control the voltage within required levels.
Load varies over the day, with very low load from midnight toearly morning and peak  values occurring in the evening
between 4 PM and 7 PM. Shape of the load curve also varies from weekday to weekend, with weekend load typically
low.

As the load varies, voltage at the substation bus and at the load bus varies. Since the load power factor is always
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lagging, a shunt connected capacitor bank at the substation can raise voltage when the load is high. The shunt
capacitor banks can be permanently connected to the bus (fixed capacitor bank) or can be switched as needed.
Switching can be based on time, if load variation is predictable, or can be based on voltage, power factor, or line
current.

Reducing power losses

Compensating the load lagging power factor with the bus connected shunt capacitor bank improves the power factor
and reduces current flow through the transmission lines, transformers, generators, etc. This will reduce power losses
(I2R losses) in this equipment.

Increased utilization of equipment

Shunt compensation with capacitor banks reduces kVA loading of lines, transformers, and generators, which means
with compensation they can be used for delivering more power without overloading the equipment. Reactive power
compensation in a power system is of two types—shunt and series. Shunt compensation can be installed near the
load, in a distribution substation, along the distribution feeder, or in a transmission substation.

Each application has different purposes.

Shunt reactive compensation can be inductive or capacitive. At load level, at the distribution substation, and along the
distribution feeder, compensation is usually capacitive. In a transmission substation, both inductive and capacitve
reactive compensation are installed.

SOURCE: Electric power generation, transmission and distribution by Leonard L. Grigsby


	The Need for Reactive Power Compensation
	Shunt Reactive Power Compensation
	Shunt Capacitors
	Voltage regulation
	Reducing power losses
	Increased utilization of equipment



